Finasteride has been shown to reduce the incidence of prostate cancer. Yet the use of finasteride remains low, likely because of the risk of adverse effects. We sought to determine whether prostate-specific antigen (PSA) levels could identify a high-risk subgroup for which the benefits of finasteride treatment outweigh the potential harms.
INTRODUCTION
Finasteride, a 5-alpha-reductase inhibitor, has been shown to be an effective chemopreventive agent for prostate cancer. In the Prostate Cancer Prevention Trial (PCPT), finasteride reduced the risk of prostate cancer by close to 25%. 1 Despite this landmark finding, use of finasteride to prevent cancer in the community remains low. 2 One reason for initial caution was an apparent increase in high-grade disease in men taking finasteride: 37% (n ϭ 280) of men taking finasteride versus 22% (n ϭ 237) taking placebo had high biopsy Gleason grades. However, subsequent research has suggested that the relationship between finasteride and high-grade cancer was an artifact related to differential sampling of high-grade disease in small prostate volumes. 3 In particular, analysis of radical prostatectomy specimens, which are not subject to these sampling effects, suggests that finasteride does not induce high-grade disease. 4 The low use of finasteride in the community may also be because most men are at low risk of morbidity or mortality from prostate cancer: a man has a less than 3% chance of dying from prostate cancer. 5 For many men, potential adverse effects such as a reduction in libido, however mild, 6 are experienced immediately and outweigh any reduction in what may seem like a rare and far-distant event.
These considerations may shift for a man who is informed that he is at high risk of prostate cancer. Furthermore, a formal economic analysis has found that finasteride is unlikely to be costeffective for the entire male population, although it might be cost-effective in a subgroup of high-risk men. 7 This warrants evaluation of the impact of finasteride in high-risk subgroups.
JOURNAL OF CLINICAL ONCOLOGY
We have previously shown that a single prostate-specific antigen (PSA) test strongly predicts subsequent prostate cancer in an unscreened population. 8 This relationship was strengthened for advanced prostate cancers. 9 Accordingly, we thought it would be possible to define a subgroup at high risk of prostate cancer on the basis of PSA level and possibly other risk factors such as age and family history. This high-risk group would potentially have greater-than-average benefitfromtreatmentwithfinasteride.Achemoprevention strategy that focused on high-risk men might therefore change the balance between the benefits and harms of finasteride in favor of treatment. In this article, we compare using decision-analytic methods alternative approaches to prostate cancer prevention with finasteride: treating all, treating none, or treating a high-risk subgroup of the population.
PATIENTS AND METHODS
Raw data from the PCPT were obtained for follow-up through March 4, 2003. The PCPT study has been described previously. 1 In brief, men age 55 years and older, with no previous prostate cancer diagnosis, normal digital rectal exam (DRE), and baseline PSA of 3.0 ng/mL or less were randomly assigned to finasteride (5 mg/d) or placebo for 7 years. Men were followed with yearly PSA tests, and biopsies were recommended for men with PSAs higher than 4.0 ng/mL (adjusted in the finasteride arm to account for reduced prostate volume). After 7 years of therapy, all men who were not diagnosed with prostate cancer were asked to consent to an end-of-study biopsy. Written informed consent was obtained according to institutional guidelines. Only men who consented to a biopsy were included in these analyses. Human investigations were performed after approval by the local institution review board.
We hypothesized that the benefit of finasteride treatment, in terms of absolute risk reduction, would be greater among men with a higher risk of prostate cancer. We created logistic regression models to predict prostate cancer based on baseline PSA. PSA was entered with restricted cubic splines with knots at the tertiles. We created separate models for the finasteride and placebo groups and then calculated risk reduction associated with treatment as the difference in risk between groups at each PSA level. CIs were obtained using percentile methods from nonstratified bootstrap resampling with 1,000 replications. All analyses were repeated for two separate end points: risk of any cancer by the end of the study, including cancer on end-of-study biopsy, and risk of cancer found on for-cause biopsy, defined as any biopsy prompted by a PSA measurement above 4 ng/mL or an abnormal DRE.
We used a previously published decision-analytic method 10 to evaluate the optimal chemoprevention strategy. In brief, we first divided PSA levels into approximate quintiles of risk. We then used each quintile as a binary cut point, assuming that men above the risk threshold would be treated, and those below would not. For example, using a PSA cut point of 1.3, we would include 2,838 of 4,687 patients in the control group with PSA Յ 1.3 and 1,749 of 4,371 patients in the finasteride group with PSA Ͼ 1.3, for a total of 4,587 patients whose randomized allocation was consistent with a strategy of treating men with PSA Ͼ 1.3 with finasteride. At each quintile, we calculated the treatment rate and cancer rate among only those study participants whose randomized allocation was congruent with the particular treatment allocation.
To compare different treatment strategies, we then calculated a clinical net benefit. A net benefit is benefits minus harms: for chemoprevention, benefit is the reduction in the rate of cancer and harm is associated with giving treatment. Because events and treatments are not on the same scale, we use the numbers-needed-to-treat threshold (NNT t ) to combine them: the NNT t is the maximum number of men that a doctor would treat with finasteride to prevent one cancer. The clinical net benefit can therefore be calculated as net benefit ϭ reduction in event rate Ϫ treatment rate Ϭ NNT t In other words, the treatment rate is weighted by a factor related to the degree of harm associated with treatment. All analyses were conducted using STATA 10.0 (STATA, College Station, TX).
RESULTS
Of 9,058 men included in our analysis, 1,957 were diagnosed with prostate cancer during the 7-year study: 798 (18.3%) men in the finasteride group and 1,159 (24.7%) men in the placebo group. Baseline PSA, age, race, and family history were similar in finasteride and placebo groups ( Table 1) .
The overall risk of being diagnosed with cancer during the 7-year study was 21.6% (95% CI, 20.8% to 22.5%). In both groups, approximately half the cancers were detected by a biopsy performed for cause (an elevated PSA and/or abnormal DRE result): 52% (n ϭ 418) and 47% (n ϭ 550) for the finasteride and control groups, respectively; the rest were detected by an end-of-study biopsy. Excluding end-of-study biopsies reduced the cumulative risk of cancer diagnosis during the 7-year study to 10.7% (95% CI, 10.1% to 11.3%). In comparison, Surveillance, Epidemiology, and End Results (SEER) -Medicare estimates the 10-year probability of developing prostate cancer in a 65-year-old man to be 8.1%. PSA levels were significantly associated with the outcome of all cancers and for-cause cancers (P Ͻ .001 for both). We calculated predictive accuracy of the models to predict both outcomes: for the prediction of all cancers, the area under the curve (AUC) was 0.663; the AUC for for-cause detected cancer was higher at 0.745. Figure 1 shows the absolute risk reduction of any cancer for finasteride treatment compared with that in the control group, by baseline PSA. The absolute risk difference initially rises linearly with baseline PSA, suggesting a constant relative risk, but then flattens at high risk. Figure 2 shows the absolute risk reduction of finasteride treatment using cancer detected by for-cause biopsy as the outcome. Absolute risk reduction continues to increase with rising baseline risk.
We divided the data into approximate quintiles according to baseline PSA and determined the clinical net benefit of treating by each of these cut points. For the outcome of all cancers detected (Table  2) , it is difficult to justify stratifying the population into risk groups and treating only those at high risk. Given an extremely conservative clinician-one who would treat no more than 10 men to prevent one cancer-the highest clinical net benefit is obtained from treating only the highest quintile of the population. For all other levels of NNT thresholds, the optimal strategy is to treat either all men at risk or all but the lowest risk quintile.
In contrast, when considering only cancers detected by a forcause biopsy, there is a clear case for recommending finasteride to some, but not all, men (Table 3) : across a range of NNT thresholds, the optimal strategy is to treat either 20% or 40% of the men with the highest PSA level. Providing finasteride to men with a PSA Ͼ 1.3 ng/mL reduced the treatment rate by 62% compared with treating all men, with only a small increase in the event rate (from 9.6% to 9.9%). Restricting use of finasteride only to men with a PSA of Ն 2 ng/mL would, in comparison to treating all men, reduce the treatment rate by 83% and increase the event rate by only 1.1%. This is clearly a preferable strategy except in the unusual case of a clinician who would treat 80 or more men in order to prevent one cancer. Using baseline PSA to decide treatment, one would recommend finasteride to men with PSA Ͼ 1.3 ng/mL if it were considered worthwhile to treat at least 30 men in order to prevent one cancer and to men with PSA Ͼ 2 ng/mL if it were worth treating between 20 and 25 men. Finasteride should not be used where the NNT threshold is below 20.
We conducted an exploratory analysis to determine whether additional information such as age, family history, or race could improve risk stratification. The additional information only marginally improved the predictive accuracy above that of PSA alone (AUC of 0.674 v 0.663 and 0.754 v 0.745 for models predicting all cancer or for-cause cancers, respectively). Moreover, the conclusion of which treatment strategy was optimal did not change with the additional information. We found no strong reason to use a multivariable model to predict baseline risk in lieu of the simpler approach of stratifying according to baseline PSA.
DISCUSSION
The results of our analysis indicate that risk group stratification for treatment with finasteride is unlikely to be beneficial for preventing all prostate cancers detectable at biopsy. However, if we use as an end Absolute Risk Reduction PSA at Baseline (ng/mL) NOTE. Percentage of men treated and percentage with outcome of all cancers, according to treatment strategies based on baseline PSA cut points. Clinical net benefit, the number of cancers prevented per 1,000 men treated adjusted for the number of treatments, is shown at various numbers needed to treat thresholds for each PSA cut point. The highest clinical net benefit, indicating the optimal strategy, is bolded. As an example, the strategy of treating men with finasteride only if baseline PSA Ͼ 0.9 ng/ml would lead to 57.2% of the population being treated and would reduce the rate of prostate cancer by 4.27% compared with no chemoprevention. If it is thought worth treating, say, no more than 35 men to prevent one cancer, this gives a net benefit of 4.27% Ϫ 57.2% Ϭ 35 ϭ 0.02634, or 26.34 per thousand. In other words, the strategy of treating only if PSA Ͼ 0.9 ng/ml is the equivalent of a strategy that reduced the rate of cancer by about 26 per thousand without requiring any finasteride treatment. The key point is that, for a number needed to treat threshold of 35, a different strategy, treating all men, has a higher net benefit. Therefore, for patients and clinicians who think it would be worth treating 35 men with finasteride to prevent one cancer, the optimal clinical strategy is to offer all men chemoprevention, irrespective of PSA level.
Abbreviation: PSA, prostate-specific antigen.
point cancers that would be found in routine clinical care-biopsy following an elevated PSA or abnormal DRE-we found that the optimal strategy is to treat a subgroup of men at high risk rather than the whole at-risk population. Accordingly, the interpretation of our results, whether finasteride should be used as a chemopreventive for all men or for just a higher risk subgroup, depends on the relative clinical significance of cancers found during the end-of-study biopsy.
One view is that such cancers are no less clinically relevant than those found following an elevated PSA or abnormal DRE. In this view, an important proportion of these cancers would grow and cause symptoms, even if they were not detected by usual screening procedures during the course of the study. Thus, cancers found at end-ofstudy biopsy constitute a false negative for screening. An alternative view is that few of these cancers are clinically relevant, that is, if a cancer is not large enough to be found by screening, it is unlikely to become apparent during a man's lifetime in the absence of screening. Accordingly, the majority of the cancers found by end-of-study biopsy constituted overdiagnosis.
There are several lines of evidence in favor of this second point of view. The first comes from our own PCPT data: the rate of high-grade cancer was dramatically higher in for-cause biopsies in comparison with end-of-study biopsies. Using data from the control group to avoid the oversampling problems associated with finasteride, only 1.4% of end-of-study biopsies had a Gleason score of 8 or higher compared with 9.9% of for-cause biopsies, a seven-fold difference. This is of particular relevance, given recent data from untreated men suggesting that high Gleason score is the major determinant of prostate cancer-specific mortality.
12 A second line of evidence comes from the European Randomized Trial of Screening for Prostate Cancer (ER-SPC).Schröderetal 13 haveusedestimatesfromthePCPTdatatocalculate that, had all men in the ERSPC Rotterdam section been biopsied at study entry, 3,472 prostate cancers would have been detected. However, with 12 years of follow-up, only 620 screen-detected and 80 interval cancers have been found. It is difficult to see a cancer as being clinically relevant if it does not emerge during more than 10 years of follow-up. Third, data from an unscreened Swedish cohort has shown a strong association between PSA and subsequent prostate cancer. In particular, in a subset analysis of men with prostate cancers of unquestionable clinical significanceclinical stage T3 or T4 or metastatic disease-PSA had a high predictive accuracy (concordance index of 0.848). 8 This suggests that low-PSA tumors are unlikely to become clinically relevant.
An additional reason to focus on for-cause biopsies concerns the value of finasteride for preventing morbidity related to treatment, even if the treatment is for cancers of low malignant potential. Because it is screen-detected cancers that lead to treatment-necessary or otherwise-it is the effects of finasteride on cancers detected by screening that should interest us.
One argument against focusing on the for-cause biopsies is that finasteride lowers PSA. Accordingly, the apparent effects of finasteride may simply be a case of verification bias 14 : some men who have cancer and have PSA levels that would be slightly over the biopsy threshold have PSA lowered by finasteride, are not biopsied, and are therefore not counted as cancer cases. However, if this were the case, we would expect there to be a smaller difference in cancer rates for end-of-study biopsies in comparison to the for-cause biopsies, yet the opposite was true (relative risk Ϸ 0.65 and 0.8 respectively).
Finasteride has two additional benefits that we did not formally model in this study. First, finasteride improves the accuracy of the PSA test, 15 suggesting that it should be used more widely in men undergoing PSA screening. However, we found large differences in clinical net benefit between the optimal strategy identified for preventing forcause cancer and a more expanded use of finasteride. For example, if a physician would treat no more than 30 patients with finasteride to prevent one cancer, the optimal strategy is to prescribe finasteride to men with PSA Ͼ 1.3 ng/mL. To expand finasteride treatment to men with PSA Ͼ 0.9 ng/mL would be the equivalent of treating an additional 150 men per 1,000 with no additional for-cause cancers prevented. It is unclear whether the salutary effects of finasteride on the PSA test warrant such a large increase in treatment rates. A second benefit of finasteride that we did not model is that it is of proven value for treating benign prostate enlargement. 16 We believe that this is not pertinent to the aim of this article: we focus on prevention of prostate cancer. Any clinical reason to take finasteride for treatment of benign disease would override considerations of chemoprevention. NOTE. Percentage of men treated and percentage with outcome of for-cause detected cancer, according to treatment strategies based on baseline PSA cut points. Clinical net benefit, the number of cancers prevented per 1,000 men treated adjusted for the number of treatments, is shown at various numbers needed to treat thresholds for each PSA cut point. The highest clinical net benefit, indicating the optimal strategy, is bolded. As an example, the strategy of treating men with finasteride only if baseline PSA Ͼ 1.3 ng/ml would lead to 38.13% of the population being treated and would reduce the rate of prostate cancer by 1.84% compared with no chemoprevention. If it is thought worth treating, say, no more than 35 men to prevent one cancer, this gives a net benefit of 1.84% Ϫ 38.13% Ϭ 35 ϭ 0.0748 (after rounding), or 7.48 per thousand. In other words, the strategy of treating only if PSA Ͼ 1.3 ng/ml is the equivalent of a strategy that reduced the rate of cancer by about 7.5 per thousand without requiring any finasteride treatment. The key point is that, for a number needed to treat threshold of 35, this strategy has the highest net benefit. Therefore, for patients and clinicians who think it would be worth treating 35 men with finasteride to prevent one cancer, the optimal clinical strategy is to offer finasteride only to men with a PSA Ͼ 1.3 ng/ml.
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The harms of finasteride are open to debate, which is why we report results for a range of NNT thresholds. The primary adverse effect is decreased sexual function. The authors of the PCPT reported a carefully conducted, longitudinal study of sexual function during the trial. 6 Finasteride was associated with statistically significant but small reductions in sexual functioning. After 6 months of treatment, patients taking finasteride scored 3.2 points lower than controls from a mean close to 50 on a 100-point sexual functioning scale; this difference was slightly attenuated over time. Although it is clearly a small effect, we do not think it can be ignored. As a simple illustration, if we were prepared to treat 20 patients with finasteride to prevent one prostate cancer,thetotaleffectonsexualfunction(20ϫ3)wouldbetheequivalent of making one patient totally impotent; suffice it to say that total impotence is far from an inevitable result of treatment for prostate cancer.
Our study has several strengths. First, we analyzed raw data from a randomized trial. This allows us to draw conclusions that do not depend on assumptions about the relationship between absolute and relative risk. 17 Second, we simulated the effects of various chemoprevention strategies at the population level. Third, in contrast to a previous paper examining the association between baseline risk and the effect of finasteride, 18 we focus on absolute rather than relative risk reduction, because it is only the former that can be used to make medical decisions. Fourth, we used a decision-analytic approach that allows us to directly compare the clinical impact of different strategies and determine which would be optimal.
That said, our study has several limitations. Our follow-up remains relatively limited, and we have yet to obtain a full picture of the study cohort, particularly in terms of the clinical effects of prostate cancer. A tumor in the prostate is not in itself a medical problem, even if it can and often does lead to iatrogenic morbidity. It is arguable that our end point, like that of the PCPT, is essentially a surrogate outcome. In this respect, it is better to have a stronger surrogate than a weaker one. There is widespread agreement that tumors with high Gleason scores are a strong indication of a poor clinical outcome, and there is little doubt that it would be of value to prevent such tumors. Yet because of differential biopsy sampling in finasteride-treated prostates, we were unable to model the effects of treatment on high Gleason score disease.
In conclusion, clinicians wishing to reduce the risk of any biopsydetectable prostate cancer should recommend finasteride to all men. Clinicians who believe that it is unnecessary to prevent all cancers, but that preventing those readily detectable by screening would be desirable, would be best off recommending finasteride only to a high-risk subgroup. Depending on clinicians' or patients' views about the harms of finasteride, high risk could be defined by either 2 ng/mL or 1.3 ng/mL, constituting either approximately 20% or 40% of the population of eligible age.
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